Background In 2014, the US Food and Drug Administration (FDA) initiated a prospective routine surveillance using the Mini-Sentinel (M-S) program to assess potential signals of acute myocardial infarction (AMI) and stroke with use of mirabegron, indicated for the treatment of overactive bladder (OAB), compared with oxybutynin. Purpose To replicate the FDA M-S analysis of mirabegron using datasets that did not contribute to the M-S program. Methods IMS PharMetrics Plus and Truven MarketScan claims data from 2012-2015 were converted to the M-S Common Data Model. New and non-new users of mirabegron and oxybutynin were analyzed per the publicly available M-S protocol, and propensity score-matched 1:1 using the M-S PROMPT 2 module. Incidence rates (IR) were calculated per 1000 person-years (PY). Adjusted hazard ratios (aHRs) for mirabegron versus oxybutynin were calculated using Cox regression models.
Introduction
Overactive bladder (OAB) was defined in 2002 by the International Continence Society as a condition characterized by urgency with or without incontinence, generally in the presence of frequency and nocturia, and suggestive of lower urinary tract dysfunction [1] [2] [3] . OAB is a common disorder and occurs in a wide range of patients, from the young to the very elderly. OAB increases with age in both sexes, and it is often underdiagnosed and undertreated. The main symptom of OAB is urgency, and, therefore, persons with this symptom are considered to have OAB. The symptoms of OAB, particularly urinary urgency and urinary incontinence, can have a considerable impact on quality of life [4] .
Mirabegron is a beta-3 adrenergic agonist indicated for the treatment of OAB with symptoms of urge urinary incontinence, urgency, and urinary frequency. During clinical development, mirabegron at a dose of 50 mg once daily was associated with mean increases in pulse rate of approximately one beat per minute compared with placebo, and a mean increase in blood pressure (BP) of 0.5-1 mmHg (systolic and diastolic) compared with placebo in patients with OAB [5] .
In population-based epidemiologic studies, increased levels of heart rate and BP have been positively associated with the risk of stroke and coronary heart disease (CHD) [6] . Randomized trials have shown that pharmacologically reducing diastolic blood pressure by 5-6 mmHg for a few years in hypertensive patients was associated with relative reductions in stroke and CHD risk of 42 and 14%, respectively [6] . A 5 mmHg reduction in systolic BP resulted in a 14% overall reduction in mortality due to stroke and a 9% reduction in mortality due to CHD in hypertensive (C 140/90 mmHg) patients [7] .
In June 2014, following the approval of mirabegron for the treatment of OAB, the US Food and Drug Administration (FDA) initiated a prospective routine observational surveillance assessment as part of the Mini-Sentinel (M-S) program to identify potential signals of acute myocardial infarction (AMI) and stroke with use of mirabegron. The objective of this research was to replicate the FDA's study, using databases not contributing to the M-S program.
Methods
The present study was a retrospective cohort study of US administrative claims data from the IMS PharMetrics Plus and Truven MarketScan databases from July 2012 to the latest date available in each database (June 2015 in MarketScan and September 2015 in PharMetrics). Mirabegron was approved by the FDA on 28 June 2012.
These databases were then converted to the FDA's M-S Common Data Model (CDM), using publicly-available specifications [8] . Conversion to the CDM permits the use of the M-S Prospective Routine Observational Monitoring Program Tool: Cohort Matching (PROMPT 2 module) [9] -an assessment tool using a propensity score (PS)-matched cohort design. The use of this module was specified in the M-S protocol for mirabegron and generates analyses that can be easily compared to estimates from the FDA's M-S mirabegron safety study.
One minor CDM deviation was made to accommodate the IMS PharMetrics dataset. Per the FDA's M-S CDM specifications [8] , a Provider ID is required to count distinct patient visits. As the IMS PharMetrics data does not include a Provider ID in the standard data available for licensing, visits to specific providers could not be directly identified. Therefore, multiple visits to the same provider in the same day were defined as visits in the same day and setting, with the same diagnosis codes across all fields; these were counted as one encounter for consistency with the CDM specifications. Visits on different days, visits on the same day in different settings, or visits on the same day with different diagnoses were considered to be separate encounters.
Cohort Selection
The index date was the first date of exposure to mirabegron or oxybutynin, and the baseline period was defined as the 183-day period prior to and excluding the index date. The primary analysis included new mirabegron and oxybutynin users, and new users were defined as those without any OAB prescription during the baseline period. The secondary analysis included non-new users of the same drugs, where non-new use was defined as an initiation of the cohort-defining drug, with at least one exposure to another OAB drug other than the cohort-defining drug during the baseline period. Therefore, this non-new user analysis includes patients who initiated the cohort-defining drug with recent prior OAB drug use, but is not limited to patients who actively switched from one OAB drug to the cohort-defining drug at the index date.
Patients aged \20 years old and those newly-initiating mirabegron or oxybutynin on the same day as another OAB drug were excluded from the study. Persons with an AMI or stroke in the 30 days prior to the index date were excluded from the analysis of that respective outcome.
Follow-up and Censoring
Follow-up time began on the index date with the cohort entry-defining mirabegron or oxybutynin dispensing and continued based on the number of days supplied of prescriptions for these agents. Follow-up ended (i.e., persontime was censored) upon the earliest occurrence of: the outcome of interest, a gap of C 7 days between two consecutive prescriptions for the cohort-defining agent, discontinuation of the cohort-defining agent, a prescription for an OAB drug other than the cohort-defining agent, end of the study period, or health plan disenrollment. The earliest censoring event occurring for either person in a matched pair served as the censoring date for both persons in the pair.
AMI, the primary outcome of interest, was defined by an International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) inpatient diagnosis of 410.X0 or 410.X1 in the principal position on an inpatient record. Stroke, the secondary outcome of interest, was identified by the presence of an ICD-9-CM code of 430, 431, 433.X1, 434.X1, or 436 in the principal position on an inpatient record.
The PROMPT 2 module controls for confounding by generating PS from the pre-defined lists of covariates specified and defined in the M-S protocol; all covariate definitions used in the present study match those specified in the M-S protocol [10] . These lists include baseline variables related to demographic characteristics (e.g., age, sex), healthcare resource utilization (e.g., number of visits), and clinical characteristics (e.g., co-morbidities and medication use). All covariates listed were identified using information available in claims databases, such as diagnosis and procedure codes.
Statistical Analysis
Statistical analyses were conducted with SAS Ò 9.4, using the published PROMPT 2 module as described previously.
The PROMPT 2 module was used to match mirabegronexposed persons to oxybutynin-exposed persons by PS at a 1:1 ratio. This module implements the matching process outlined in the M-S PROMPT: Cohort Matching Technical Users' Guide [9] . Nearest neighbor matching on PS was conducted using a caliper distance of 0.025 units on the PS scale. Baseline characteristics of the unmatched and matched treatment cohorts and time on drug were summarized using descriptive statistics including means, standard deviations (SDs), medians, and ranges for continuous variables, and frequencies for categorical variables. Per the FDA's M-S protocol, the PROMPT 2 module does not generate data for the matched cohorts if the PS matching model does not converge (i.e., does not complete the PS identification and/or matching process). This may be due to covariates that occur infrequently, leading to very small cell sizes.
The PROMPT 2 module then conducts a Cox regression model and generates hazard ratios (HR) for mirabegron use compared to oxybutynin use with 95% confidence intervals (CIs), as well as other risk-associated information in the unmatched treatment cohorts. Adjusted hazard ratios (aHRs) and 95% CIs were calculated from Cox regression models stratified by PS decile without trimming, and in the matched treatment cohorts, if the PS matching model converged. Incidence rates (IRs) were calculated per 1000 person-years (PY) using the number of outcomes and person time in the matched treatment groups when the model converged, or in the unmatched groups if the matching model did not converge. All PS deciles contained patients from each treatment cohort. Details on the analytic approach are specified in the PROMPT User's Guide [11] . Results are reported for each dataset, in both the primary (new users) and secondary (non-new users) analyses, and for both outcomes, for a total of eight sets of analyses.
Results

IMS PharMetrics Plus Population
New Users
For the AMI analysis, the mean age of 12,429 new mirabegron users was 55.6 ± 12.3 years, compared to 52.9 ± 13.3 years among 61,548 new oxybutynin users (Table 1) . Among mirabegron users, 73.8% were women, compared to 64.0% of oxybutynin users. Mirabegron users had a lower mean number of healthcare visits when compared to oxybutynin users, including inpatient stays (0.6 vs. 1.3), emergency department visits (0.2 vs. 0.6), and ambulatory visits (2.5 vs. 3.2). Mirabegron users had a higher mean number of prescriptions when compared to oxybutynin users (19.3 vs. 16.1). Matched characteristics are not presented as the PS matching model did not converge.
Non-new Users
A total of 9025 non-new mirabegron users and 7899 nonnew oxybutynin users were identified for the AMI analysis. Mean ages (mirabegron 57.9 ± 12.6, oxybutynin 57.2 ± 12.4) were higher than for new users (see above), a higher proportion of non-new users (77.9% of mirabegron users and 78.2% of oxybutynin users) were women compared to new users (see above), and non-new users had a higher mean number of prescriptions (mirabegron 25.8 ± 19.5, oxybutynin 24.4 ± 20.5). After PS-matching, 5172 patients remained in each cohort, and patient characteristics were similar across cohorts.
Characteristics of the new and non-new users identified for the stroke analysis are presented in Table 2 . Among 12,379 new mirabegron users and 61,411 new oxybutynin users, characteristics were similar to new users identified for the AMI analysis, and the PS-matching model did not converge. Among non-new users, 8959 mirabegron users and 7872 oxybutynin users were identified with similar characteristics to non-new users in the AMI analysis; 5236 patients remained in each treatment cohort after PSmatching. 
The analysis of AMI in the non-new user cohort included 15,252 mirabegron users and 11,374 oxybutynin users; mean ages were higher (mirabegron 66.3 ± 14.5, oxybutynin 65.4 ± 15.3) than new users in MarketScan, and approximately 75% of both cohorts were women. The mean number of prescriptions (mirabegron 24.3 ± 17.6, oxybutynin 23.4 ± 17.9) was also higher than for new users, but other characteristics were similar. After matching, 8123 patients remained in each cohort with similar characteristics. NA not applicable (propensity score matching model did not converge), SD standard deviation a Data appear as mean (SD) except for gender data, which appear as N (%)
A total of 17,138 new mirabegron users and 63,835 new oxybutynin users met the criteria for inclusion in the stroke outcome analysis (Table 4) , with similar characteristics to the AMI analysis of new users in the same dataset; 15,973 patients remained in each cohort after matching. In the non-new user analysis of stroke, 15,173 mirabegron patients and 11,314 oxybutynin patients were selected, and their characteristics were again similar to the non-new users in the AMI analysis. After matching, 8103 patients in each cohort remained with similar characteristics.
Outcomes
Outcome analyses from new and non-new users in both datasets are presented in Table 5 .
Among new users in the AMI outcome analysis in IMS PharMetrics, the mean length of drug exposure was 79 days on mirabegron and 44 days on oxybutynin (data not shown). The IR of AMI was 4.4/1000 PY for mirabegron and 6.5/1000 PY for oxybutynin. Prior to matching, the HR for AMI was 0.68 (95% CI 0.36-1.28), similar to the aHR after PS decile stratification (0.67; 95% CI 0.33-1.37). The PS-matched model failed to converge.
Among non-new users in the PharMetrics AMI analysis, the IR for mirabegron users was 5.8/1000 PY compared to 2.7/1000 PY among oxybutynin users. Point estimates varied, but no statistically significant association between mirabegron use and AMI was observed for unmatched users (HR 0.95; 95% CI 0.38-2.33), after stratification by PS decile (aHR 1.08; 95% CI 0.39-3.00), or after matching (aHR 2.00; 95% CI 0.37-10.92). During follow-up, the IR of stroke was 6.3/1000 PY among new mirabegron users and 9.5/1000 PY among new oxybutynin users in PharMetrics, with a HR in the unmatched groups of 0.66 (95% CI 0.39-1.13). The aHR after stratification of PS decile was 0.62 (95% CI 0.34-1.13); the model in the PS-matched groups did not converge.
Among non-new users in PharMetrics, the IRs of stroke were 5.1/1000 PY for mirabegron and 6.3/1000 PY for oxybutynin. No statistically significant association was observed between mirabegron and stroke in the unmatched cohort model (HR 0.67; 95% CI 0.33-1.36), after stratification by PS decile (aHR 0.69; 95% CI 0.29, 1.61), or following PS matching (aHR 0.25; 95% CI 0.03-2.24).
Among new users in Truven MarketScan for the AMI outcome analysis, the mean length of mirabegron exposure was 92 days compared to 52 days on oxybutynin (data not shown). Incidence rates were 3.7/1000 PY for mirabegron and 6.8/1000 PY for oxybutynin, while model results from unmatched treatment groups (HR 0.48; 95% CI 0.28-0.83), and after PS decile stratification (aHR 0.54; 95% CI 0.30-0.98) were similar. After PS matching, no statistically significant association was observed (aHR 0.57; 95% CI 0.17-1.95).
Among non-new users in MarketScan, the IR of AMI for mirabegron was 6.1/1000 PY and 8.3/1000 PY for oxybutynin. No statistically significant association was observed between non-new mirabegron use and AMI in the unmatched cohorts (HR 0.61; 95% CI 0.36-1.05) after stratification by PS decile (aHR 0.71; 95% CI 0.38-1.29) or after matching (aHR 0.80; 95% CI 0.32-2.03). Charlson-Elixhauser co-morbidity score 0.6 (1. 
Discussion
The present study assessed two large US administrative claims databases from 2012-2015 and did not identify a statistically significant increased risk of AMI or stroke among new or non-new mirabegron users compared to oxybutynin users. These findings were consistent prior to and after matching (when the model converged) on PS created from demographic and clinical characteristics, as well as healthcare resource utilization data. To our knowledge, this is the first published attempt at replicating an M-S safety study using the publicly-available CDM specifications, study protocol, and PROMPT 2 module, using data sources other than those participating in M-S.
The FDA M-S reports on mirabegron published in September 2016 similarly found no increased risk of AMI or stroke among mirabegron users compared to oxybutynin users [12] . For instance, in the new user analysis of primary diagnoses of AMI, 4465 mirabegron users and 4464 oxybutynin users were matched [12] . The aHR for matched treatment groups was 1.00 (95% CI 0.14-7.10), while the wide confidence intervals reflected relatively few outcomes observed during the study period (five cases of AMI among mirabegron users vs. three among oxybutynin users) [12] . In the matched analysis of primary diagnoses of stroke, an aHR of 0.80 (95% CI 0.21-2.98) was reported [12] . Published studies to date have reported no association of mirabegron use and increased AMI and/or stroke risk [13, 14] .
Strengths of the FDA's M-S program include the use of a CDM, standardized cohort selection, and analysis modules that are publicly available and used by the M-S data partners. As one of the goals of this analysis was to replicate the methods of the FDA's M-S study, only a minor necessary deviation from the M-S CDM was made to identify unique patient visits. This overall consistency makes the results comparable to the findings reported by the FDA's M-S study of mirabegron, even though different analysis datasets were used. The methods described here may be applied by other researchers who wish to replicate a Mini-Sentinel study in other databases. Some known limitations inherent to administrative claims databases must also be noted. Claims diagnoses represent justifications for billing and may not always accurately reflect patients' medical conditions. Variables that might be found in electronic health record data, such as alcohol consumption and body mass index, are not available in administrative claims databases; however, all variables specified in the M-S protocol could be coded in the datasets used. Confounders of outcomes related to the decision to treat with mirabegron versus oxybutynin may exist despite the use of PS matching.
A pharmacy claim indicates the availability of a medication to a patient, not actual use of that medication. Therefore, details of medication dispensing only approximate actual treatment patterns. Health care received outside of the health care plan, such as use of over-the-counter medications, do not appear in the claims data. Claims databases do not capture the reasons for failure to refill medications.
The databases used in this study are large commercial administrative claims databases, and they are considered to be generalizable to the US population with access to commercial health insurance. It is likely that there is some patient overlap between the PharMetrics and MarketScan databases, and it is possible that some overlap could be present with the M-S data. As patients are anonymized, however, the amount of any overlap cannot be determined and this information is not disclosed by the data vendors. Lastly, although use of the PROMPT 2 module was specified in the Mini-Sentinel protocol for mirabegron, this module has since been replaced by the Cohort Identification and Descriptive Analysis (CIDA) ? Propensity Score (PS) tool; analyses conducted using the updated CIDA ? PS tool may differ from those presented here.
Conclusions
This study of two large US administrative claims databases did not detect a statistically significant increased risk of either AMI or stroke among new or non-new users of mirabegron compared with oxybutynin users. These findings are consistent with both the FDA's Mini-Sentinel safety study of mirabegron and other published literature. The replication methods described here may be considered for other therapies, outcomes, and databases of interest to researchers.
